Bethanechol-induced responses in mudpuppy parasympathetic neurons.
The effect of bethanechol on membrane potential and excitability was determined in mudpuppy parasympathetic postganglionic neurons. Bethanechol induced a large amplitude hyperpolarization, which was followed by a smaller amplitude depolarization, in 115 out of 135 cells tested. In approximately 20% of these cells, a brief depolarization preceded the hyperpolarization. During the bethanechol-induced hyperpolarization, the membrane input resistance decreased markedly, whereas the input resistance was increased during the subsequent depolarization. The hyperpolarization and depolarization were blocked by atropine and were unaffected by d-tubocurarine, thus, both appeared to be mediated by muscarinic receptors. The bethanechol-induced hyperpolarization was inhibited by the M2 muscarinic receptor antagonist AF-DX 116, whereas the bethanechol-induced depolarization was unaffected. Both a nonselective increase in membrane conductance and a decrease in membrane potassium conductance appeared to be involved in the generation of the bethanechol-induced depolarization. Evidence for the first mechanism was obtained in barium-treated cells in which bethanechol initiated a rapid onset depolarization, which was reversed at membrane potentials near 0 mV. Evidence for the second mechanism was obtained when the hyperpolarization was inhibited by AF-DX 116. In AF-DX 116-treated cells, the membrane input resistance was increased during most of the bethanechol-induced depolarization. Mudpuppy neurons initiate repetitive action potential activity in response to long depolarizing current pulses. Following application of bethanechol, with the hyperpolarization negated electrotonically, the number of action potentials produced by a depolarizing current pulse was greater than that produced prior to application of bethanechol. It is suggested that activation of muscarinic receptors on mudpuppy cardiac neurons influences multiple conductance systems and determines the excitability of these neurons.